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ABSTRACT 

The instructional design presented in this article 
discusses a procedure for arranging and aequencing examples and 
nonexamples for concept teaching in the classroom, concepts are 
divided into two types; definition and observation. A definition 
concept is one in which the critical attributes are determined by the 
definition, e.g., war. Observation characteristics have measarable or 
observable physical characteristics. Characteristics of a concept are 
either relevant (i.e., basic), or irrelevant. Discrimination between 
concept classes can be illustrated by use of a Venn diagram. Examples 
of concepts and concept classes are either convergent (their 
irrelevant attributes are as similar as possible) or divergent (their 
irreleyant attributes are as different as possible). The most 
effective relationship between examples and nonexamples of a concept 
is matched: that is, an example and a nonexample have similar 
irrelevant attributes. In that case, the only difference between them 
IS the critical attributes of the concept. Examples of concepts can 
also be discriminated between on the grounds of whether they are easy 
or hard. (JK) j - -j 
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Methodology for the Sequenc-ng of Insiances 
1n Classroom Concept ^e^ch-pg 

Robert D, Tennyson Richard C. Boutvvell 

Florida State University Bucknen University 

Recent instructional resea^^ch iftydies (I'ennyson, Wool leys & 
Mirrills 1972; Merrill a Tennyson, 1973a, 19 73b; Tennyson, 1973) have 
Investigated variables and conditions that ha^-e a direct application 
to the design of concept teaching. The p^ocedu»^es for the sequenchij 
of examples and nonexamples reported in this article a^e based on an 
empirically-validated instructional design thaoKyj which addresses 
itself to classroom application rathe^ than the '^aw empincism ''labora- 
tory" approach* The premises of the ^aw emp-^icism deveiopmental 
procedure are that instructional outcon^es should be speclfieds learner 
performance should be observed, and the i nst ructiona'. process should be 
revised until performance corresponds to the specified outcomes, Thci 
result is that the tryout^-revtse cycle must be repeated many tImeSs thus 
Inflating the cost of instructional development and delaying attainment 
of optimal performance levels or inst'^uctional efficiency 

Oftentimes the iinnediacy of the cUssroom instructional setting 
Is lost to the researcher in the laboratory. The pragmatic and unmo-^T.Rr'i \y 
crude decision-making of instructional variables which takes place in 
classrooms could be avoided if research implication would be disseminated 
to enhance greater use rather than to solidify existing barriers between 

1 
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cUssi^oom ana laboratory* In reviewing Clark's (1971) article which 
cited o^er 200 studies dealing with concept acquisition, 1t was fount' 
that less than ten percent of the a^' tides cited included concepts 
which would comiionly have been associated with the classroom environment 
This lack of j^eal'-world concirn on the part of recent concept learning 
research has resulted in an equal lack of Implementation of Instructions' ly 
super^o*^ ir^thodology . 

Another problem for classroom teachers, vis=a-vis research iTnuirM;]-, 
IS that research investigators frequently have not made a distincticui 
between warious kinds of Instructianai outcomes^ and have cencii . l 
investigate simple tasks and then gene'^ahze the"^- findings to all lef^^ning 
situat'ons, In addition^ rrost of those labO'^atory experiments deal w^th 
simple recafi tasks rather than on the mere desired classroom behav^or'^ 
ot concept ^earnings rule uslngs and p?ob^em solving, Merrill and Boutwc*^! 
(19?3) sur -ejed previous reviews of resea*^ch literature relatid to 
Inst^uct^cna 1 psychology (Anderson^ 196?; Gagne and Rohwer, 1969; and 
Glaser and Resnick, 1972) and found moit ot the reported expenrenta! 
studies to be concerned with the cognitive ability of recall information 
The purpose of this article will be to investigate the higher cognitive 
skill of classification (concept acquisition) ^ and its Implication f^ir 
direct application on the part of the classroom teacher, 

Mechner (1965) defined concept acquisition as generalization 
within a class and discrimination between classes. He pointed out that 
unless both processes were assessed simultaneously^ it was not possible 
to infer concept acquisition* In order to assess concept acquisttion, 
both exampies and nonexamples must be presented to the learner, and his 
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ab,» ty K gene^a^ize to new e^anipies and discriminate them from nonexamni 
'i obfer .60 Mflrkie and Tierhanp (1969) and Mei'nll (1971) postu^ata'c! 
aoequ^^e cor^cept acquTSit'on wOuio j'esult only f e^amo'es used auK^nd 
•nst L.^ cr (J ne^B6 m the ^-'^e'evant attributes assoc jted w^m ea^h; 
this p/r-i€teb gene ra * 1 zat^on within the class. sc " miv riation tvtween 
('^--es ^tSuits p'^esenting nonexamples which ha^^e i^^^elevant ai 

butes ^et^tfibl:ng Those wuh g^wen examples. Markls and Tiemann (IjI., 
e LG:^t.J.:ica rhat un'e&& the jjbove conditions we^e nets ce^^tain cla^i' ^ 
^*cat^on bcih^vic' e^-^o^Ss would psuH, These av^e ove^generai ization , 
Lnce'gene'ct 'barton, and ip" iccnceplion . 

'he fe^rn ioncep^ freans to employ the complete cognHive level 
ot behavM:^ icJ Gagne, 19^0; Met^rill, 1971), A concept is a class of 
obit^Tt: 0 ^deab which a*^e cKaractemed by the same critical attributes, 
"^he^e ae^ rwr^ types of concapts: det1nltibn and obse'' vat ion . A definition 
tcncept iS ore n which the critical attributes are detif^tnined by the 
detinu on. Th s type includes national Ism, love, wari happiness^ 
Mendship^ etc Observation concapts have measurable or observabla 
pbjsica charactenstics. This type 1s concev^ned with trees, chairs, 
book^ 5 parents ^ etC: 

An obser^/ation concept: A chipitiunk Is of the genus Tamias, 
0* the ^qu^ e ! fam! ly » 

Th 5 ^qnq^pt deals wUh a subject (chipmunk) that has observable 
phy&ica^ characteristics. The observ^atlon concepts a^^e generally eaL- ier 
to teach s-nce thev limits a-^e deMnitej for example, lt is easier to 
desc^^be j chu^nMnk than to desc'^ibe fear* 
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A ae'^n^ucn concept: Faar is the painiu^ eactUin .o?^:.. ed when 
app^eheno^ng O'' harnu 

In tn^fe instances the limits are set by the r r., r ^ 

defmu^crj wat expanded ^ the word would assume aouM 'nu-g *o; 

eKarnp^e^ the ^vo^d had this obsolete ado tlon: ^ea^ ^cpfi:.^-! ^^.p-^r 
for inen oLtho/'ity or worth. That broadening or 'he cc?- i- j nr' jc 
change Hie enLMe concept^ So definition concept- : ^ iew^^:i ■ 
and ob&ei .rtiMDn concepts tend to be objective. 

When teDChmg concepts the definition can c ^ ' : *rci by v ..n . 
for ihc bt^deni the component elements of the concept ^o^- t^ampie: A 
fang a z^cq, sharp tooth* This regular definit^cr 'lat be ti^ tended to 
be an att- bute definition by explaining the conipone^^t f.^ i-. tf-a^ is, 
Vong, £hoj:i, era tooth . Thus the attribute deflru'nn v,Cgid be^^n: 

A *a^9 w 0 bony appendage protruding from the jaw. of n greater 

iength rhcn rh& standards and having a fine pouu oes^gned to 

Cut ' p ^crcc easily, 

ihe^e are irrelevant attributes of a detin'tion. These are 
the aspects that are not basic to the meaning. Howeve-. i^-e^evant 
attributes or ten add superfluous Information that can help the student 
understand the concept* Refer to the observation concept ch ifim unk . 
Irre'^ewant att^^-butes may Include the following ^ntQrn'5 1 on r 

1 T^he chipmunk 1s terrestrial in habits. 

2. It 1;. often called a ground squirrel ^ 

3 In the west there are numerous species 

4. Most chipmunks are brown. 
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Ncne 0+ the ^ou-' ^^^e^evant attributes listed above places the chlpitiunk 
• nto the c'ncepT class ch ipmunk ^ Extremely elementary irrelevant 
att^Tbutes would include such items as: 

i Chipmunks have two eyes, 

2-^ ^hey each have a ta^K 

3 The^^ bodies a^e fu^-covered. 

4 They teem nervous, 

Aga'n^ r,cne o* the abov'e attributes apply only to chipmunks , Howevir, 
these ' ' attributes wou'^d help give a^ 5-year-old the correct 

concept OT a ch ' pmunK. 

Geneva ^ -zation within a concept class can be illustrated by a 
Venn oug dm iFigi^'e i.}. Each * indicates one example within the concept 
^ ciaab fz' the best teaching, only a part of those examples will be 
used to ^ep^esent the whole class. The student will be tested with 
unencounte^^ed examples to see ii he can generalize beyond the "spoon-fid" 
examples. Suppose each * rep^'esented a pronoun and the circle included 
all pronouns, The teacher would present the definitiQn (critical 
attributes), and then select examples that helped the student understand 
the entire cUsi. The teacher may say, '*H£ Is an example of a pronoun* 
It can ^e.p^e^ent a name. Is she a pronoun?^' If the student was able to 
identify as another example, then the student has generallied to 
other pronos^ns. 
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Di sen' mi nation between concept c'lasies cflii bt- ' ^ • s,; t''f.ted ui r. 
same manner (F'gure 1). Each * wth'n tne cisb? ■u-.-ic uit- oiie t'-aii:. 
ot that concept class. The two ci'Cies •'sp.'ebent licr.f i'airD'et 
concept class being taught. When teachmy 6 ccnwept ,'e.\^. t ;& ,v.:- 
on'iy desirable that a student be able lu gene-'d 'id vri'nn 'J i ■: '<:• ' . 
biit he should be able to discr1mlnaie ine ii'Sinbe i^ c Uic? conLei:' ■ 
f'om tionmembers of the class. For the - Dncept ' uh, ;..nt 

teache'' will want the student to recogn^Ee nH p.-onoui'^s enfOLntered 
(generalize), and be able to recogniie othe- pa't; o- ipeech as nc 
being pronouns ( discriminate J . So it- the Tgache'' asks, liowfr 
a p^-cnoun?" , the student will respond that ^'iOW|i_ \ % net a pronoun. 
He has then discriminated between ccncept; clasi-es 

Examples are either convergent or o'sve'-geni (^ennyaon et , 
1972). Two examples are convergent when their - 'e'evani attnbutes 
are as similar as possible. Foi^ example, he'e J-e two selections o' 
poetry. (The critical attribute 1s that ihey a^^e examples of the saipe 
concept class , ) 

#1 Maid of Athens, 'ere we parts 

Give, oh g1va me back my heart' 
(Byron) 

#2 Sure solacer of human cares 

And sweeter hope, when hops despairs! 
(Bronta) 

Some irrelevant attributes are: they we<e wftten by Romantic poets,, 
the lines each have four measures, each Is an exclair.at'on directed to 



o i-rcie -nd .^dt^dU etc< But none these ir^e^'avant attr^ibutes is 
^^eipcni'b = e ■^o*' the example baing ot the ugncept class pcatry. 

E-^'Tp'e^ a^e divergent when their irreie^^anL dLU ibutes a^e 
d^T^t (fini 6% pGisible^ He^e are two more sGlections from the concept 
c bs ^ poet ' 

Out ch'^ohcod mto inanhood 
Now ^-'id y'Own n)y Hiawatha ^ 
(icrgtanow) 

i^kr hog c lOve niy shephord 1$^ 
And He O^ax doth ire ^eed, 
kh He )% M^nei and I ani HiSs 
What .(in L want need? 

"n:-p^*vi'cn e^ea\h thoL these e>.anipies diverge m the foMow^ng aspects: 
th6> o r 0* tf'Tferent lengths the poets represent ditte^^ent time periods ^ 
the lubje^t- nave no i^elotionshipj etc. 

The mit etfective ^eiatidnship between examples and none^amples 

[Mt/itlfJ. (TGiin^^sons ^g. a]., 1972). m niaucneu situation occurs when an 
eAmp'^ and a nonexample have similar Irrelevant attributes, The only 
d'l Mef ence ^be-ng the critical attributes. Using the poetry Ulustr^n'On 
aga'n, syppc^e the concept to be taught was trochaic --zer. The c x -.c- 
ott^'^bute the meter: a stressed syllable followed by an unstressed one, 
AM. othe?^ things would be irrelevant as 1n the Illustrations 

t , ' , , . ' = 

o 
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Concept ^ets EMeawe uon.ept teaching not only employs 
ex3niple& and nonexampies, but enip^o^b n-atchea sets and divergent sets. 
The most etf. c^ent o^gan^jot^on e^pii^pJes and nonexampies 1s 1n a 
''concept set " A concept set coni :i.ts two divergent exampless each 
iMtched to a ncnexdiTjpie s ^*th ^^c^^.t^ng the c>"it1ca1 attributes • 
Promptitig a te^m which niean^ 'cent^tying the critical attributes by 
va^^oui d^vuebs i^ch ve^ba' c^^c^ ptiont, diagramSs arrows^ etc. 
This he'p$ to ^oc.i the tti^dent*; atiert cn on the attributes which 
de+me the ccnr^pt cl^ss A 'h'^n recesfa^'y component of a concept set 
IS the equa^ a^?t';,uW^ of the n^^ifves. i.e.i some exaniplis are easier 
to ^ecognue ^han cihg/ e.*.dinp e^, th^s, the harder the example the more 
difHcu't H woi^id be co deni.:v the student Obtaining a measure 
0+ instarce d,f^M.utty a rwo-iT€p ^.pct'Cn known as an instance 
p*cbabnu> dn;f/yiis^ AifoiTpUTt otH^ prcn ot this process is found 
^n an da*cie by 'enn^scn oi'u Bowtw^ ' ^973]. 

Ari t^^Gmp^e a concepc ier the 'unowing^ 

Def^n:tiQn: Mutualism «5 a phenomenon -n nature in which two 
assQCUted organisms denva bentTU '-om h^ing together » 

C^«t*ce^ att^^butes: >mb\ type uf benefit; 

CONCePr SET #1 

Attribute Prompting: 
£j<anip!e: 1^1 ijb liOgj^gh jn oc e^o£ The tickbird eats I1ce off 
the ^hino vh!s win source of food) i and in turn the 
tif.Abiio wa^n^ the *h1no of approaching animals. 
(Both bene ru j . 

. ^ . 
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Not an example - Fleas on a dog . The fleas live on the blood of 

the dog, and are a hinderance to him. 
(Parasitism.) 

Example: He rmit Crabs and Sea AneironeS i Thi sea anemone settles 

on an old shell Inhabited by the crab. Other- 
preditors won^t attack the crab because of 
poison tentacles, and in tu^^n the crab moves 
the anemone around. 
(Dispersal .) 

Not an example - Small fish and Sea Cucumber ^ Ihe small fish lives 

1n the cloaca of the sea cucumber (protection 
and dispersal) while hindering the cucumber i 
The two examples are divergent because one uses land organisms 
while the other uses sea organisms. The tm Instances have the defined 
critical attributes » but the student will see that mutualism exist on 
both land and sea. Two quite different types of benefits are demon- 
strated. The first matched a much larger ones however i one Is beneficial s 
while the other Is not. In the second matched condition two organisms 
attach themselves to anotheri but the nonexample shows a parasitic condition. 
The prompting 1s In the form of a verbal description of the relationship 
between the two organisms. The difficulty level of the instances Is e^isy 
i,e*i the two examples are easily recognized as members of the concept 
mutualisms and the two nonexamples are easily recognized as nonmembers 
of the concept, Usuallyi one concept set is insufficient for Iiarn1r3# 
thereforei a range of difficulty of sets is required. The succeeding sets 
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should be as different as possible from the firsts arid so ^o^^th In 
Other wordSi the indwidyal concipt sets are diwe:'^cnt. ^ne ccmplexn 
of the concept determines the final number of concept sets to wiclud^ 
In the total 1nst*"uctional program. A concept set dive^'gent to the 
first Is the fonowing : 

CONCEPT SET #2 

Example; Termite and Flagenate P'^otoEoa "^he p'^otc^oa +ind 
a place to live In the stomach of the tei^m^tei 
and provide the enzyme for the tenniti to digest 
wood. (Both benefit. ) 

Not an example - Tapeworm and man. The tapewo*^m Hves In 
the adult stage as a parasite in the inte^tinis 
of man . 

Example: Algae and Fungus . The aigae produce food tor the 
fungus and the fungus ho ids water that the algae 
use to make food. (Both benefit,) 
Not an exaniple - Dodder on plants . The dodder sucks nourishment 

from the host plant^ 
The instances used in this concept set are somewhat harde-^ than 
1n the previous set, Again the two examples are divev^gents one an 
organism that lives in wood, while the second in any place where mo'sc i^v^ 
is availabli. The nonexamples show the matched relat^onshTp with exm^ 
Notice that the prompting focuses the student's attention on the critical 
attributes. 

'Designing Instruction is unique for each content area^ We 
emphasize that the steps presented here can and should be modified to. 
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your own objectives. The foil owing example of a concept set on geometric 
figures will illustrate this point: 

Concspt dafinition ; A square is a plani figure having four 
equal sides and four right angles. 

Critical attributes . A plane is a surface that wholly contains 
every straight lint joining any two points lying in it. A figure is an 
outline or shape of something,- form. Equal means of the same quantity, 
slEe, number, values degrie, intanslty, etc. Angles are the shape made 
by two straight lines meeting at a point, or by two plane surfaces meetij^ 
at a point, or by tm plane surfacii miiting along a line. 

Irrelevant attributes; Size; shape; ability to stand alone. 



Example 



Nonexample 



Exampli 



Nonexample 



A. each is small 

B. each has four sides 

C. each has a base line 

A. each 1s large 

B. each has equal length sides 

C. each has four sides 



Notice that the difinition is similar to our past examples, but 
the critical attributes are written in phrases, rather than In short 
statements, while the irrelevant attributes are short statements. 
Your style and approach to the subject matter is different from other 
teachers, and how you Implement the steps in instructional design wi"!! 
be unique. The above concept set uses another modification in that the 
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prompting stresses the slniUafit^ between the rnatched Instances; the 
student has to than infer the cm'ca' ;.u^ 'uutfii ■ 

Anothpv example of a concept set the to] lowing on crystals. 
In this illustration the proinpting is dete 'ed because of the complexity 
of the concept, and that the grode H'jq^ n contige,' which requires more 
detaned content than the s^mp'i ejompU on squaref. 

Concept definition : the-'p *s 6 t.vpe of cystal called RX^i which 
has two-to-one ratio in its utoiiiu- n uuu"e, ^ e s for a given atom 
there will be another two (on ciubts-' ntoms) attached to it in a 
repeating fashion, 

Crit'rai att'^bute: two-to-one ratio 

Irrelevant att-'ibutes: size, color, density, shading 




Example: 
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In Identifying crystal types f^om these pictures, different atom iy pes 
can be denoted by different; 

1. sizes; 2. types of shading ( amount of shading shows depth); 

3. colors (black & white) 
or some combination of these three properties. 
In this examplej type of shading and color are propertiis not used 
to diffirintiate the atom types. 

This example points out subtle features which help in example identi- 
fication. First, the different sizes of atoms is nectssary for 
differentiation of atom types. Second, the amount of shading (for 
depth) draws your attention to the basic cluster. 

Not an Exaniple: 




The crystal shown below is a noii'sxaiinle because it contains only 
one type of atomj i.e., the atoms have the same size, same color, 
Ind same type of shading. 
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In identifying crystal typss from these pictures ^ different atom types 
can be denoted by dlffirent; 

1. siies; 2. types of shading (amount of shading shows depth); 

3, colors (black & white) 
or some combination of these three properties, 

In this example, siEe and color are not used to differentiate the atom typ 
The characteristic that makes the two atom types dlfferint is their 
Internal markings (type of shading). One has short lines rather than 
dots for shading. Once you have discoverid both types, all you muse 
do is discover the ratio* 
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Not an example: 




This nonexample has the atom types chsracte'^ized by both diffe/'ent 
sizes arid different internal markings. "The ratio of these two types 
is one -to -one. 

The above instances we-'e selected f^om a lai^ger group which had 
been rated in an instance probability analysis (see Tennyson & B^utv^eil , 
1973). The level of difficulty fo*' the fou*" instances was' easy, We will 
not show another concept set on RXg crystals, but remember that several co 
cipt sets are nocessarys 

In the previous article (Tennyson & Boutwell, 1973) we presentad 
the procedures for conducting an instance probability analysis uslAn> 
as an example, the concept of adverbs. The article ended with a grcu4|. 
sentences Identified as easy and a second group as hard. The next step ■ 
was to take those Instances and arrange them into concept sets. Below are 
the instructional choicis organized Into an easy and hard concept set 
(refer to the other article for ratings). 
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Easy Concept Sitr 

Si 

Example: Slowlyi she walked home* 

Slo_w1y_ tells how. Slow 
discrlbis thi g1rli so it 
is an adjective. It doe.^; 
not affect the verb, 

Nonexample: She 1s slow. 

Example: Are you fighting mad? 

Mad is an adjective, f ' 
tells to what extent. Do f Igh^ 
1s the verbs do_1s a helper 
needing another verb to complete 
1t. 

Nonexample3 Do y'ou fight? 

Hard Concept Set: 

Exampla: The small floral print looked pretty. 

Small modifies floral (an adj 
Nonexample: The small print looked pretty. 

Small modifies pattern (a noun) , 
Exampla: Tha most dangerous weapon 1s a gun. 

Most tells to what extent the gun 

1s dangerous. ; 
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Nonaxample: Most guns are dangarous. 

Most qualifies the noun, 
• The number of concept sets depends on the difficulty of the 
concept class. You, as the teacher^ have tomake that decision. 

Conclusion 

The instructional design presented 1n this article discussed a 
procedure for arranging and sequencing examples and nonixamples for concept 
teaching In the cl-assroom. Whethtr the user be a teacher or Instri/ctipnal 
developer, the methoc^ology is adaptable to the 1nd1v1duars own object'- 
We recognize that different subject matter would riquire modifications 
of the system, however, the basic fomiat does generalize across content. 
With continued practice you should develop unique variations that wi n 
improve the concept set to your instructional needs. 
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